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(54) PREFORM EXTRUSION MOLDING APPARATUS, METHOD FOR EXTRUSION MOLDING, AND 
PREFORM

(57) A technical problem of this invention is to control
the behavior of an intermediate layer in the preform bot-
tom at high productivity and in a high degree of accuracy
in the injection molding of a preform having a second-res-
in layer laminated with main-resin layers. A principal
means of this invention to solve this technical problem is
a process for injection molding a preform in a test tube
shape having an intermediate layer of a second-resin
layer laminated with main-resin layers. This process
comprises the steps of: supplying a main resin from an
outer flow channel and an inner flow channel to a joined
flow channel at a predetermined supply velocity for a pre-
determined period of time; supplying a second resin from
a middle flow channel to the joined flow channel simul-
taneously with the main resin at a predetermined supply
velocity for a certain period of time within the predeter-
mined period of time; and sliding a shut-off pin to bring
the pin forefront to a predetermined position near an out-
let of the inner flow channel, which is open to the joined
flow channel, previously before the second resin is sup-
plied, or during a period of time starting after a predeter-
mined time from the start of the second resin supply and
ending with the termination of the supply, so that the ve-
locity of main resin supply from the inner flow channel to
the joined flow channel is reduced to a predetermined
level by adjusting the degree of aperture for the outlet.
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Description

TECHNICAL FIELD

[0001] This invention relates to a device and a process for injection molding a preform in a test tube shape for use in
the biaxial stretching and blow molding of a synthetic resin bottle having an intermediate layer laminated with main-resin
layers that make up a shape of the preform, and to the preform made by these device and process.

BACKGROUND ART

[0002] Polyethylene terephthalate resin bottles (PET bottles), obtained by biaxially stretching and blow molding an
injection molded preform in a test tube shape, have high transparency, high mechanical strength, and a high gas barrier
property, and find their way into various fields such as beverages, foods, and cosmetics. There are many cases where
the quality of a content fluid has to be prevented from decreasing, and there are use applications especially requiring a
gas barrier property against oxygen and other gases- In such cases, a 2-resin/3-layer laminar structure is used for the
bottle in which an intermediate layer made of, e.g., a nylon resin having a high gas barrier property is laminated with the
main-resin layers of a PET resin that makes up the shape of the preform. The PET bottle having a laminar structure of
this type can be molded by biaxially stretching and blow molding a preform having a test tube shape and a 2-resin/3-
layer laminar structure.
[0003] Patent document 1 describes an invention associated with a molding device having a multi-layer nozzle for
injection molding a 2-resin/3-layer preform such as described above. As an example, Fig. 10(a) shows a prior-art preform
101 of this type. Fig. 11 is a schematic vertical section of a nozzle section 11 in a device for molding the preform 101.
Fig. 12 is an explanatory diagram showing an example of the injection pattern used with this molding device to mold the
preform 101. Fig. 13 is an explanatory diagram showing the filling steps in which the mold cavity is filled with molten resins.
[0004] The preform 101 in Fig. 10(a) has a gas barrier resin layer 101b made of a resin having a high gas barrier
property as an intermediate layer and laminated with the main-resin layers. This preform 101 is biaxially stretched and
blow molded into a bottle having a function that is difficult for a single PET resin to achieve, for example, a function of
controlling the oxidative degradation of the content by minimizing the volume of outside oxygen that penetrates the
bottle. Such a bottle can be made from the preform 101.
[0005] The preform 101 having such a laminar structure is molded by using an injection pattern shown in Fig. 12 and
a molding device having a multi-layer nozzle section 11 shown in Fig. 11. Now referring to the device of Fig. 11, a PET
resin supplied from a first feeder Sa passes through an outer flow channel 15a and an inner flow channel 15c, and flows
into a joined flow channel 19. A barrier resin supplied from a second feeder Sb passes through a middle flow channel
15b and enters the joined flow channel 19. At that time, the barrier resin Rb is put between the outer flow channel 15a
and the inner flow channel 15c. Inside the joined flow channel 19, a joined resin fluid is formed in which the barrier resin
Rb is laminated with the main resin Ra in a cylindrical shape. This joined resin fluid is then injected into a cavity 4 of a
mold 1 to fill the cavity.
[0006] An example of injection molding is described, now referring to Figs. 12 and 13. Fig. 13(a) shows a state right
before point E in the injection pattern shown in Fig. 12. In this state, it is found that only the PET resin Ra have been
filled. At point E, the injection of the barrier resin Rb is started. Between point E and point F, the barrier resin Rb is
sandwiched between layers of the PET resin Ra, and is sent to the mold cavity in that laminated state (See Fig. 13(b).
At point F, the injection of the barrier resin is terminated, and from then on, the cavity is filled only with the PET resin
Ra until the end of the injection step (See Fig. 13(c)). Thus, the preform 101 shown in Fig. 10(a) can be obtained.

PRIOR ART REFERENCES

PATENT DOCUMENT

[0007] Patent document 1: Japan patent application publication No. 2004-330672

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] As can be seen from Fig. 10(a), an entire peripheral wall of the preform 101 thus molded is not necessarily
laminated with the barrier resin layer 101b, but in many cases, the barrier resin layer 101b is not laminated in an upper
portion of the neck 102 and in the bottom 106 of the preform 101.
[0009] In the case of the neck 102 which is an open end, the barrier layer 101b should not be laminated in the upper
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portion of the neck 102 because of a problem of deformation. If the barrier layer 101b made of a different resin were
extended to the upper end, the cylindrical neck 102 would deform into an elliptical shape at the time of molding shrinkage
or thermal crystallization treatment of the neck 102. In the example of the preform 101 shown in Fig. 10(a), the leading
edge, LE, of the barrier resin layer 101b is located at a nearly middle height of the neck 102, because of the consideration
for the above-described deformation, gas barrier property, and in addition, the material cost of the barrier resin. Thus,
a high degree of accuracy is required to control the position of the leading edge, LE, of the barrier resin layer 101b. But
the neck 102 is a portion having a relatively thick wall, and does not deform after the preform 101 has been biaxially
stretched and blow molded into the bottle. Even if a limited area of the upper portion of the neck 102 is made of only the
PET resin layer 101a, any decrease in the gas barrier property of the entire bottle can be restricted to a relatively low level.
[0010] Unlike the neck 102, the bottom 106 is a portion which is stretched to a thin wall. From a point of view of
preventing the decrease in the gas barrier property of the entire bottle, it seems preferable to cover the entire bottom
106 with the barrier resin layer 101b, as shown in Fig. 10(b). However, it is necessary for the flow of the barrier resin
into the cavity 4 to be cut instantaneously at point F in the injection pattern of Fig. 12, i.e., at the end of injection of the
barrier resin. If this fails, the lamination would fall in a blunt-edged state, in which more than one barrier resin layer 101b
may be laminated in the bottom 106, or fractions of the barrier resin layer 101b, or the so-called scales, may exist in the
bottom 106. Because of such a non-uniform state of the barrier resin layer, the bottom of the bottle, when molded, may
deform irregularly to give an unstable ground contact. Another problem is that the mechanical strength of the bottle may
fall to a low level. Still another problem is that a fraction of the barrier resin Rb may stay behind in an open end portion
of the multi-layer nozzle section 11. This fraction would mix in the PET resin Ra in the next shot.
[0011] According to a molding process that enables the bottom to be encapsulated, it is possible for the barrier resin
layer 101b to form a continuously laminated wall without segmenting the bottom 106, as shown in Fig. 10(b). But still
problems remain, as vestige of the gate located at the center of the bottom 106 of the preform is unstable in size, causing
unstable moldability. Furthermore, the stretching rod may run through the inner PET resin layer 101a on the inner side
at the time when the preform is vertically stretched, thus giving damage to the bottle.
[0012] This invention has been made to solve the problems found in prior-art techniques associated with the injection
molding of preform in which a second resin layer is laminated with, and embedded in, the above-described main-resin
layers. Thus, a technical problem of this invention is to control the behavior of the intermediate layer in the lamination
of the preform bottom so as to achieve the biaxial stretching and molding at high productivity and to offer a bottle having
a high gas barrier property given by the intermediate layer.

MEANS OF SOLVING THE PROBLEMS

[0013] This invention relates to a device for injection molding a preform, an injection molding process using this device,
and a preform that can be molded by this injection molding process. Descriptions will be made below in an order of the
injection molding device, the injection molding process, and the preform. A main feature associated with the injection
molding device of this invention is a device for injection molding a preform in a test tube shape for use in biaxial stretching
and blow molding, in which preform a second-resin layer serving as an intermediate layer is laminated with layers of a
main resin that makes up the shape of the preform, the device having a nozzle section for forming a joined resin fluid
by allowing a second resin for forming the second-resin layer to join a main resin for forming the main-resin layers, and
having a mold disposed ahead of the nozzle section, said nozzle section comprising:

three cylindrical layer-forming flow channels including an outer flow channel, a middle flow channel, and an inner
flow channel in an outside-to-inside order, and
a joined flow channel connected to these three flow channels and extended to a head of the nozzle section, wherein
the main resin is passed through the outer and inner flow channels, and the second resin is passed through the
middle flow channel, and
a rod-like shut-off pin disposed on an inner side of the inner flow channel and slidably inserted therein, wherein an
outlet of the inner flow channel, which is open to the joined flow channel, is shut off or opened, and a degree of
aperture can be adjusted, by controlling the position of a forefront of the shut-off pin.

[0014] Another feature of this invention is that in the above-described main feature, the device comprises a first resin
feeder for feeding the main resin and a second resin feeder for feeding the second resin, the nozzle section comprising
in an outside-to-inside order the three flow channels including the outer flow channel, the middle flow channel, and the
inner flow channel, and a cylindrical joined flow channel connected to the three flow channels and extended to the head
of the nozzle section, wherein the main resin from the first feeder is sent to both the outer and inner flow channels, and
the second resin from the second feeder is sent to the middle flow channel, and wherein the two resins are joined together
in a cylindrical shape to form a joined resin fluid in joint flow channel, which fills a cavity by being injected into the cavity
by way of a pin gate disposed at a position of the cavity of the mold corresponding to the center of a bottom wall of the
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preform.
[0015] According to the injection molding device having the above-described features, the cylindrical shut-off pin is
slidably inserted inside the inner flow channel, so that the position of the forefront of this shut-off pin can be controlled
to shut off or open the outlet of the inner flow channel, which is open to the joined flow channel, and to adjust the degree
of aperture to be opened. Because of this shut-off pin forefront position control, the resin supplies from the outer, middle,
and inner flow channels to the joined flow channel can be controlled in the following manner, while continuing the resin
supplies from the first and second feeders:

1) When the inner flow channel is fully opened by locating the forefront upstream of the outlet of the inner flow
channel which is open to the joined flow channel, the second resin supplied from the middle flow channel is sand-
wiched between the main-resin layers coming from both the outer flow channel and the inner flow channel, and this
takes place in the joined flow channel so that the joined resin fluid thus formed in the joined flow channel would
have the second resin laminated cylindrically with the columnar main resin.
2) When the forefront is located at a predetermined position near the outlet of the inner flow channel to decrease
the degree to which the outlet is opened and to slow down the speed of the main resin supply from the inner flow
channel, the second resin in a columnar main resin would have a layer width less than in the case of 1).
3) When the forefront is located downstream of the outlet of the inner flow channel, in order to shut off the inner flow
channel completely, the second resin supplied through the middle flow channel joins with the main resin coming
only from the outer flow channel because the supply of the main resin from the inner flow channel is completely
shut off. In that case, the joined resin fluid formed in the joined flow channel consists mainly of the main resin with
the second resin being laminated in a thin-wall cylindrical shape.

[0016] As described above in 2), it is possible for the second-resin layer inside the main resin of the joined resin fluid
to be controlled with a high degree of accuracy so that the second-resin layer would have a predetermined diameter in
the cylindrical shape. Especially, at the bottom of the preform, the intermediate layer can be laminated with a high degree
of accuracy which has been difficult in the prior art.
[0017] Since the above described feature is based on a simple mechanism of linear sliding movement of the shut-off
pin, the degree of aperture to be opened can be adjusted for the inner flow channel with predetermined timing by means
of high-accuracy positioning.
[0018] Still another feature associated with the injection molding device of this invention is that in the above-described
features, the inner flow channel has a diameter-reduced flow channel in an end portion, where the diameter is reduced
in a tapered manner to a level adequate for the joined flow channel.
[0019] According to the above-described feature, the degree of aperture, to which the inner flow channel is shut off
or opened, can be adjusted for the outlet of the inner flow channel with high accuracy by the forefront of the shut-off pin
which makes effective use of the diameter-reduced flow channel.
[0020] Still another feature associated with the injection molding device of this invention is that in the main feature
described above, the sliding movement of the shut-off pin is controlled by a servomechanism.
[0021] According to the feature described above, the inner flow channel can be shut off or opened with predetermined
timing, and furthermore, the position at which the forefront of the shut-off pin is located, can be controlled with high
accuracy, by using the servomechanism to control the sliding movement of the shut-off pin. Thus, the degree of aperture,
to which the inner flow channel is shut off or opened, can be adjusted with high accuracy by the forefront of the shut-off pin.
[0022] A main feature associated with the process for injection molding a preform according to this invention is a
process for injection molding a preform for use in the biaxial stretching and blow molding, which preform has a test tube
shape and has a second-resin layer laminated with main-resin layers made of a main resin that makes up the shape of
the preform. The injection molding process of this invention comprises the steps of:

a) using the above-described injection molding device of this invention;
b) supplying a main resin from an outer flow channel and an inner flow channel to a joined flow channel at a
predetermined supply velocity for a predetermined period of time;
c) supplying a second resin from a middle flow channel to the joined flow channel simultaneously with the main resin
at a predetermined supply velocity for a certain period of time within the predetermined period of time; and
d) sliding the shut-off pin to bring the pin forefront to a predetermined position near an outlet of the inner flow channel,
which is open to the joined flow channel, previously before the second resin is supplied, or during a period of time
starting after a predetermined time from the start of second-resin supply and ending with the termination of the
supply, so that the velocity of main resin supply from the inner flow channel to the joined flow channel is reduced
to a predetermined level by adjusting the degree of aperture for the outlet end.

[0023] Another feature associated with the process of this invention for injection molding a preform is that in the main
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feature described above, the process comprises the steps of:

a) at first, keeping the outlet of the inner flow channel at a fully open state by means of the control of a sliding position
of the shut-off pin, and supplying the joined flow channel with the main resin from the first feeder by way of the outer
and inner flow channels;
b) supplying the second resin from the second feeder to the joined flow channel from the inner flow channel by way
of the middle flow channel for a certain period of time at a predetermined time after the start of main resin supply,
and allowing the second-resin layer to be sandwiched between the main-resin layers coming from the outer flow
channel and the inner flow channel;
c) bringing the forefront of the shut-off pin to a predetermined position near the outlet of the inner flow channel,
which is opened to the joined flow channel, in a predetermined time after the start of the main resin supply from the
inner flow channel, so as to decrease the velocity of the main resin supply from the inner flow channel; and
d) then, in a predetermined time after the end of the main resin supply from the inner flow channel, sliding the shut-
off pin to keep the inner flow channel pressured in a fully open state for a predetermined time.

[0024] Still another feature associated with the process of this invention for injection molding a preform is that in the
main feature described above, the process also comprises:

a) joining the main resin and the second resin in the joined flow channel to form a joined resin fluid, and injecting
the joined resin fluid into the mold cavity by way of a pin gate disposed at a position of the mold cavity corresponding
to the center of a bottom wall of the preform in order to fill the cavity with the fluid; and
b) setting an injection pattern, including a speed of the main resin supply, a starting time, an ending time, and a
speed of the second-resin supply, a moment of sliding the shut-off pin, and the positioning of the forefront of the
pin, associated with a degree of aperture to be opened or closed at the outlet of the inner flow channel, and thereby,
positioning a trailing edge of the second-resin layer within a predetermined range in the bottom, while excluding the
gate vestige to be formed at the center of the bottom, which is molded in a semi-spherical shell shape when the
second-resin layer is laminated with main-resin layers to form a preform.

[0025] According to the above-described molding process of this invention, a joined columnar resin fluid is formed in
a sequential manner in the joined flow channel in process steps described below.

(1) The main resin from the outer flow channel joins the main resin from the inner flow channel in the joined flow
channel to form a joined columnar resin fluid comprising only the main resin.
(2) Then, the second resin from the middle flow channel flows between the main resin from the outer flow channel
and the main resin from the inner flow channel to form a joined resin fluid in which the cylindrical layer of the second
resin has been sandwiched between the two columnar layers of the main resin.
(3) At this point, the degree of aperture for the outlet of the inner flow channel is adjusted by the forefront of the
shut-off pin to reduce the speed of main-resin supply from the inner flow channel so that the joined resin fluid is
formed in such a way that the second resin would have a thin, cylindrical shape and a predetermined diameter.
(4) Lastly, with the termination of the second-resin supply from the middle flow channel, the main resin from the
outer flow channel joins the main resin from the inner flow channel to form again the columnar joined resin fluid
made of the main resin.

[0026] The step (3) described above is a step for controlling in a sophisticated manner the behavior of lamination that
forms the second-resin layer near the bottom of the preform. According to the molding process described above, the
second resin can maintain a cylindrical laminar shape as far as the trailing edge, because the main-resin supply from
the inner flow channel continues, even in a small amount, until the second-resin supply terminates. This continued supply
of the main resin serves to prevent encapsulation in which a continuous laminate pattern is formed in the entire bottom
region including a gate vestige. The cylindrical laminate shape of the second resin can eliminate the problem of insufficient
moldability caused by encapsulation and the problem of deformed bottom of the bottle.
[0027] In addition, the adjustment of aperture for the outlet of the inner flow channel also enables the second resin to
have a cylindrical laminate shape and a predetermined diameter, at least, at or near the trailing end. Thus, when the
intermediate layer of the second resin is laminated with the main-resin layers, it becomes possible to have highly
sophisticated control over the lamination pattern, which involves setting the trailing edge of the second-resin layer at a
position in a predetermined range near the bottom of the preform, while excluding a circular pin gate vestige formed at
the center of the bottom wall plate.
[0028] The main feature of the molding process described above has the following description: "previously before the
second resin is supplied, or during a period of time starting after a predetermined time from the start of the second-resin
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supply and ending with the termination of the supply." As understood from this description, the timing of adjusting the
degree of aperture for the outlet of the inner flow channel by means of the forefront of the shut-off pin can before the
starting time of the second-resin supply or during the period of supply. As described above, in order for the highly
sophisticated control over the lamination pattern for the second-resin layer at a position near the bottom of the preform,
it is necessary to maintain a lamination pattern in which the second-resin layer inside the joined resin fluid is in a slim,
cylindrical shape at or near the trailing edge of the second-resin layer. It is also necessary to adjust the degree of aperture
for the outlet of the inner flow channel at least until the supply of the second-resin layer comes to an end.
[0029] Still another feature of the injection molding process of this invention is that in the main feature described above,
a synthetic resin having a high gas barrier property is used as the second resin so that the second-resin layer is effective
as a gas barrier layer.
[0030] A main feature associated with the preform of this invention is a test-tube-like preform for biaxial stretching and
blow molding use, in which an intermediate layer of a second resin laminated with the main-resin layers that make up
the shape of the preform. The preform is characterize in that the trailing edge of the second-resin layer is located in the
bottom within a range covering from outside of an outer peripheral edge of a circular gate vestige formed in the center
of a bottom plate of a bottom to a peripheral edge of a corresponding inner peripheral surface of a body.
[0031] It has been difficult for the conventional molding technology to achieve such a lamination pattern for the second-
resin layer near the bottom, but it becomes possible to achieve by means of the injection molding process of this invention.
When the trailing edge of the second-resin layer is located in a limited range in the bottom except for the gate vestige,
the second-resin layer can fully perform the function of gas barrier and the like, while resolving the problems of bad
moldability or deformation in the bottom of the bottle, such as

EFFECTS OF THE INVENTION

[0032] According to the injection molding process using the injection molding device of this invention, the adjustment
of aperture for the outlet of the inner flow channel also enables the second resin to have a cylindrical laminate pattern
having a predetermined diameter, at least, at or near the trailing end. In addition, it becomes possible to have highly
sophisticated control over the laminate pattern, which involves setting the trailing edge of the second-resin layer at a
position in a predetermined range near the bottom of the preform, while excluding a circular pin gate vestige formed at
the center of the bottom wall plate. The second-resin layer at such a position can fully perform the gas barrier function
and the like, while resolving the problem of bad moldability or the problem of deformation in the bottom of the bottle,
which is caused by covering the gate vestige with the second-resin layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033]

Fig. 1(a) is a front view, with a partially taken vertical section, and Fig. 1(b) is a bottom view, respectively, of the
preform of this invention.
Fig. 2 is a schematic explanatory diagram showing a vertical section of an important part of the injection molding
device of this invention in an embodiment.
Fig. 3 is an explanatory diagram showing a position of movement of the shut-off pin inside the device of Fig. 2.
Fig. 4 is a vertical section showing an outline structure of the mold.
Fig. 5 is an explanatory diagram showing an example of the injection pattern used in the injection molding process
of this invention.
Fig. 6 is a schematic explanatory diagram showing steps of filling the mold cavity with molten resins using the
injection pattern of Fig. 5.
Fig. 7 is a schematic explanatory diagram showing the steps of filling the mold cavity with molten resins using another
injection pattern.
Fig. 8 is a table showing compiled results of measurements for the positions of trailing edge of the second-resin
layer in 5 examples of positions to which the forefront of the shut-off pin has moved.
Fig. 9 is a front view of a bottle biaxially stretched and blow molded from the preform of Fig. 1.
Fig. 10(a) is a front view, with a partially taken vertical section, of an example of a conventional preform; and Fig.
10(b) shows an example of another preform.
Fig. 11 is a cross-sectional view schematically showing an example of a conventional multi-nozzle section.
Fig. 12 is an explanatory diagram showing an example of the injection pattern for molding the preform of Fig. 10(a).
Fig. 13 is an explanatory diagram showing the steps of filling the mold cavity with molten resins using the injection
pattern of Fig. 12.
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MODES FOR CARRYING OUT THE INVENTION

[0034] The preform, the injection molding device, and the injection molding process of this invention will be described
below with respect to preferred embodiments, now referring to the drawings, in which Fig. 1 shows an embodiment of
the preform 101 of this invention molded by the later described injection molding process of this invention. The preform
generally has a test tube shape and a laminar structure in which a barrier resin layer 101b, i.e., an intermediate layer
made of a second resin, is laminated with PET resin layers 101a, i.e., the main-resin layers that occupy a major portion
of the preform. In this embodiment, MXD6 nylon is used as the barrier resin. The preform 101 has a total height of 100
mm. A body 105 has an outer diameter of 20 mm and an average wall thickness of 2.5 mm. The preform weighs 22 g.
A circular gate vestige 107, with a diameter of 5 mm, remains at the center of the outer peripheral surface of the bottom
106 (See Fig. 1(b)).
[0035] The leading edge, LE, of the barrier resin layer 101b is located at a length, La, of 19.3 mm, which is a distance
from the top surface of the neck 102. The trailing edge, TE, of the barrier resin layer 101b is located at a length, Lb, of
5 mm, which is a distance from the center of the bottom plate of the bottom 106, i.e., located peripherally at about 2.5
mm outside of the outer peripheral edge of the gate vestige 107. As seen in the bottom view of Fig. 1(b), it is found that
the trailing edge, TE, is located in a range covering from outside of an outer peripheral edge of the circular gate vestige
107 formed at the center of the bottom plate of the bottom 106 to a lower end of an inner peripheral surface 105p of the
body 105. Both lengths La and Lb are average values.
[0036] Figs. 2, 3, and 4 schematically show an example of the injection molding device of this invention, in which Fig.
2 is a vertical section of a nozzle section 11 and its vicinity, with a mold 1 being fitted on the downstream side; Fig. 3,
an explanatory diagram explaining a position of the forefront 20p of the shut-off pin 20 in the device of Fig. 2; and Fig.
4, a vertical section schematically showing a structure of the mold 1.
[0037] This nozzle section 11 has a first mandrel 21, a second mandrel 22, and a third mandrel 23, which are all
cylindrical and are disposed concentrically in an order from inside to outside. A shut-off pin 20 in a rod shape is disposed
inside of the first mandrel 21 in a slidably inserted manner. The fore-end of each mandrel has a tapered portion, the
diameter of which is reduced toward the downstream. A main resin Ra flows through a cylindrical outer flow channel
15a, which is formed between the third mandrel 23 and the second mandrel 22. A second resin Rb flows through a
cylindrical middle flow channel 15b, which is formed between the second mandrel 22 and the first mandrel 21. In addition,
the main resin Ra also flows not only through the outer flow channel 15a but also through a cylindrical inner flow channel
15c, which is formed between the first mandrel 21 and the shut-off pin 20.
[0038] The main resin Ra is supplied from a first feeder Sa, which comprises an extruder of a screw type or an
accumulator having a plunger fitted to the tip of the extruder, passes through a guide channel 12a and flows through an
outer flow channel 15a and an inner flow channel 15c by way of manifold 14a1 and 14a2, respectively. The second resin
Rb is supplied from a second feeder Sb, passes through a guide channel 12b and flows through a middle flow channel
15b by way of manifold 14b.
[0039] Then, the main resin Ra enters a diameter-reduced flow channel 15as disposed in an end portion of the outer
flow channel 15a. The main resin Ra also enters a diameter-reduced flow channel 15cs disposed at the end of the inner
flow channel 15c. The second resin Rb enters a diameter-reduced flow channel 15bs disposed in an end portion of the
middle flow channel 15b. All these resins enter a joined flow channel 19 where the main resin Ra and the second resin
Rb join together to form a joined resin fluid. This joined resin fluid is passed through a pin gate 5 disposed at a position
corresponding to a center of a bottom plate of the bottom 106 of the preform 101, and is injected into a cavity 4 to fill
this cavity 4, which is formed by a core mold 2 and a cavity mold 3 of a mold 1.
[0040] In the device of this invention, the shut-off pin 20 forms the inner flow channel 15c together with the first mandrel
21, and is allowed to slide through the inner peripheral surface in a diameter-reduced head portion of the first mandrel
21. This shut-off pin 20 performs an ordinary function of shutting off or opening the head portion of the nozzle section
11. In addition, when the forefront 20p of the pin 20 is controlled to take a predetermined position near an outlet 17c of
the inner flow channel 15c that is open to the joined flow channel 19, the pin 20 can adjust the degree of aperture of this
outlet 17c between a full open state and a shut-off state so as to adjust the amount of the main resin Ra to be supplied
from the inner flow channel 15c to the joined flow channel 19. The sliding movement of the shut-off pin 20 (in the vertical
direction in Fig. 2) is controlled by a servomechanism (not shown) utilizing a servomotor, to ensure that the highly
sophisticated flow-adjusting function described above can be performed.
[0041] As described above, the shut-off pin 20 adjusts the speed of the main resin Ra supplied from the inner flow
channel 15c, and since this adjustment is carried out at the outlet 17c of the inner flow channel 15c, i.e., a point of contact
with the joined flow channel 19, any delayed time caused by the visco-elastic quality of molten resins can be avoided,
and the supply and shut-off of resins and the flow rate adjustment can be controlled in a high degree of accuracy, as
compared to a conventional flow-adjusting function using a check valve or a spool valve disposed at a position remote
from the joined flow channel 19 on the upstream side of the nozzle section 11.
[0042] Fig. 3 is a diagram for explaining the position of the forefront 20p of the shut-off pin 20 in the device of Fig. 2.



EP 3 222 400 A1

8

5

10

15

20

25

30

35

40

45

50

55

In Fig. 3, a given position, Ls, of the forefront 20p is expressed as a length from position Ls0 in the end portion of the
nozzle section 11. Position Ls1 is a position corresponding to an upstream end of the diameter-reduced flow channel
15cs. For the device of this embodiment, Ls1 is 18 mm from the position Ls0
[0043] An example of the injection molding process of this invention will be described below. Fig. 5 is a schematic
explanatory diagram showing an injection pattern used when the preform 101 shown in Fig. 1 is injection molded by
using the injection molding device of Fig. 2. This pattern is depicted using a lateral axis as a time axis and a vertical axis
as speeds of molten resin supplies. The solid line shows the injection pattern for the PET resin Ra, which is the main
resin, and the dotted line shows that of the barrier resin Rb. The PET resin Ra is supplied from the first feeder Sa at a
supply velocity of 7.1 g/sec. The barrier resin is supplied from the second feeder Sb at a supply velocity Vb of 0.53 g/sec.
[0044] Along with the above-described injection pattern, Fig. 5 also shows the position of the forefront 20p of the shut-
off pin 20 found over time by a two-dot chain line. In a time zone of Sp (Ls1), the forefront 20p is located at Ls1, i.e., 18
mm; and in a time zone of Sp (Ls), the forefront 20 p is located at 14.55 mm in the case of this embodiment. The flow
rate is controlled by narrowing down the degree of aperture at the outlet 17c of the inner flow rate 15c so that the supply
of the PET resin Ra would be reduced. As regards the time axis, the injection starting time ta1 for the PET resin Ra is
used as a benchmark. The injection ending time ta2 for the PET resin Ra is 4.5 sec. For the barrier resin Rb, the injection
starting time tb1 is 1.6 sec, and the ending time tb2 is 3.4 sec. The forefront 20p of the shut-off pin 20 is located at the
position of 14.55 mm for a period ranging from time ts1 (2.1 sec) to ts2 (3.9 sec).
[0045] The injection molding steps over time in the injection pattern of Fig. 5 are as follows:

(1) Set the forefront 20p of the shut-off pin 20 at the position of Ls1 (See Fig. 3) to fully open the outlet 17c of the
inner flow channel 15c, and supply the PET resin Ra from the first feeder Sa to the joined flow channel 19 by way
of the outer flow channel 15a and the inner flow channel 15c.
(2) Supply the barrier resin Rb from the second feeder Sb to the joined flow channel 19 at time tb1 by way of the
middle flow channel 15b, and flow the barrier resin Rb between the PET resin Ra from the outer flow channel 15a
and the PET resin Ra from the inner flow channel 15c.
(3) At time ts1, reduce the supply speed for the PET resin Ra sent through the inner flow channel 15c, where the
forefront 20p of the shut-off pin 20 takes the position Ls (See Fig. 3).
(4) Terminate the supply of the barrier resin Rb from the second feeder Sb at time tb2.
(5) Bring the forefront 20p of the shut-off pin 20 back to the position Ls1 at time ts2 to allow the speed of the supply
of the PET resin Ra coming from the inner flow channel 15c to return to the original speed.
(6) Reduce the mold pressure to a predetermined level at time ta2 (resulting in a decrease in the speed of supply
from the first feeder Sa), and keep the pressure at that level till time ta3.

[0046] Figs. 6(a), 6(b), and 6(c) are schematic explanatory diagrams showing the steps of filling the cavity 4 of the
mold 1 with the PET resin Ra and the barrier resin Rb in the above-described steps of the injection pattern of Fig. 5.
The filling of the cavity 4 proceeds in the order of (a) → (b) →(c) in Fig. 6. On the right side of (a), (b), and (c), there are
given cross-sectional views taken from lines J1-J1, J2-J2, and J3-J3. These cross-sectional views show separately the
PET resin supplied through the outer flow channel 15a as Ra1, and the PET resin supplied through the inner flow channel
15c as Ra2.
[0047] When the barrier resin Rb is supplied through the middle flow channel 15b as described above, a reduced feed
rate is used for the PET resin Ra2 from the inner flow channel 15c. Therefore, as seen in Fig. 6(a), the barrier resin Rb
is laminated with the PET resin layers Ra1 and Ra2 in a slim, cylindrical shape with a small diameter. If the filling is
completed in the state shown in Fig. 6(c), passing through the state of Fig. 6(b), under this laminated condition that the
barrier resin Rb takes a small, cylindrical shape, then like the preform 101 in Fig. 1, the trailing edge, TE, of the barrier
resin layer 101b would have a length Lb of 5 mm from the center of the bottom 106, and the trailing edge, TE, can be
allowed to come close to the outer peripheral edge of the gate vestige 107.
[0048] Fig. 7 is also a schematic explanatory diagram showing the steps of filling the cavity with the PET resin Ra and
the barrier resin Rb, but in this case, the preform is injection molded while the forefront 20p of the shut-off pin 20 is kept
at the Ls1 position of 18 mm without moving the forefront 20p in the injection pattern of Fig. 5. This embodiment
corresponds to a comparative example wherein the above-described Ls is set at 14.55 mm. Filling of the cavity 4 proceeds
in the order of (a) → (b)→ (c). Like in Fig. 6, the cross-sectional views taken from lines K1-K1, K2-K2, and K3-K3 are
shown on the righthand side of the respective vertical sections
[0049] The injection molding based on the injection pattern, wherein the forefront 20p is kept at the length Ls1 of 18
mm, is similar to a conventional molding process shown in Figs. 11-13. When the barrier resin Rb is supplied from the
middle flow channel 15b, there is no change in the rate of supply of the PET resin Ra2 from the inner flow channel 15c.
Therefore, as can be seen in Fig. 7(a), the barrier resin Rb is in a cylindrical shape having a large diameter when the
barrier resin Rb is sandwiched between the PET resin layers Ra1 and Ra2. When the filling operation passes through
the state of Fig. 7(b) and is complete in the state of Fig. 7(c), the trailing edge, TE, of the barrier resin layer 101b is
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located at a somewhat distant point on the downstream side (located above in Fig. 10) just like the preform 101 of Fig.
10(a). The length Lb from the center of the bottom 106 was 19.4 mm.
[0050] From a comparison of Fig. 6 with Fig. 7, it is found that at an Ls of 14.5 mm shown in Fig. 6 and with a smaller
rate of the PET resin Ra2 supply, the barrier resin layer 101b made of the barrier resin Rb is located nearer to the inner
peripheral surface of the preform 101, as shown in Fig. 6(c), than in the example shown in Fig. 7, due to the effect of a
slim, cylindrical shape of the barrier resin Rb.
[0051] Preforms were molded according to the injection pattern shown in Fig. 5 by setting the forefront 20p of the shut-
off pin 20 shown in Fig. 3 at five positions Ls of 14.00 mm, 14.55 mm, 14.60 mm, 15.10 mm, and 18.00 mm in a period
ranging from ts1 to ts2. The preforms in examples 1 to 5 were measured for the length La of the leading edge, LE, and
the length Lb of the trailing edge, TE, and the biaxially stretched, blow molded bottles made from these preforms were
measured for oxygen transmission rate (OTR cc/day). Fig. 8 is a table compiled from the results of measurements for
La, Lb, and OTR for each Ls. In the cases of Examples 2 to 4, only the position Ls was changed in the pattern of Fig.
5. Meanwhile, in Example 1, time ts1, i.e., a time when the forefront 20p is located at a position Ls of 14.00 mm in the
pattern of Fig. 5, is set at a middle point between tb1 and tb2, i.e., a time zone where the barrier resin Rb is supplied.
Fig. 9 is a front view of the biaxially stretched, blow molded bottle. The bottle 201 has a neck 202, a neck ring 203, a
tapered shoulder 204, a cylindrical body 205, and a bottom 206, and has a total height of 160 mm. The body 205 has
an outer diameter of 70 mm. Oxygen transmission rate for the bottle 201 was measured at 23 degrees C and an oxygen
partial pressure of 21%, using OX-TRAN10/50 of Modern Controls, Inc.
[0052] In Example 1 where Ls is 14.00 mm, the supply of the PET resin Ra2 from the inner flow channel 15c is shut
down from time ts1 on when the forefront 20p is located at position Ls. Therefore, the barrier resin layer would take a
slim, columnar shape in the vicinity of the trailing edge of the barrier resin Rb, rather than a slim, cylindrical shape such
as shown in Fig. 6(a). As a result, the trailing edge, TE, would entirely cover the bottom 106 of the preform 101 in an
encapsulated state show in Fig. 10(b). In this case, the bottle has a high oxygen barrier property, as found by an OTR
of 0.0026 cc/day, but since the gas barrier resin layer 101b covers the gate vestige 107, problems arise because a
stretching rod may breaks through the inner PET resin layer 101a, or because the bottom 206 of the bottle 201 may
deform. These problems would lead to a low yield and low productivity. Even if the trailing edge, TE, does not become
continuous in the bottom 106 of the preform 101, there will arise similar problems found in the case where the gas barrier
resin layer 101b entirely covers the gate vestige 107. Therefore, it is necessary for the trailing edge, TE, of the gas
barrier resin layer 101b to be located outside the outer peripheral edge of the gate vestige 107.
[0053] In Example 2 where Ls is 14.55 mm, the trailing edge, TE, has a position of 5.0 mm on an average, and is
located between the outer peripheral edge of the gate vestige 107 and a peripheral edge corresponding to a lower end
of an inner peripheral surface 105p of the body 105, as shown in Fig. 1(b), with other factors being similar to the above
embodiment. The bottle had an OTR of 0.0028 cc/day, which was similar to Example 1 where Ls was 14.00 mm, and
the bottom was encapsulated. In Example 3 where Ls was 14.60 mm, the length Lb of the trailing edge, TE, was 11.5
mm, and the bottle had an OTR of 0.0075 cc/day. In Example 4 where Ls is 15.10 mm, the length Lb of the trailing edge,
TE, was 15.9 mm.
[0054] Example 5 having an Ls of 18.00 mm is a comparative example described in Fig. 7. In this case, the length Lb
of the trailing edge, TE, was 19.4 mm, and the OTR was 0.0236 cc/day. As compared to Example 2 having an Ls of
14.55 mm, the OTR was about 8.5 times as much as that of Example 2. It is found in this case that the oxygen barrier
property has decreased to a large extent. Example 5 has the OTR about 3 times as much as the OTR of Example 3
having an Ls of 14.60 mm. On the contrary, even at an Ls of 14.60 mm with the trailing edge, TE, having the length Lb
of 11.5mm, it is found that the bottle would have a considerably better oxygen barrier property, as compared to any
conventional molding process.
[0055] As regards the leading edge, LE, of the gas barrier resin layer 101b, the length La of the leading edge, LE, is
found to decrease gradually from 21.7 mm to 17.6 mm under the condition that the Ls ranges from 14.00 mm to 18.00
mm. This La is a factor that can be controlled by adjusting the time interval between time ta1 and time tb1 in the injection
pattern of Fig. 5.
[0056] An overall comparison of five examples having an Ls in the range of 14.00 mm to 18.00 mm reveals that slight
displacement of the forefront 20p of the shut-off pin 20 leads to a large change in the length Lb of the trailing edge, TE,
and that this change greatly affects the oxygen barrier property of the bottle 201 molded under this change. By contrast,
this indicates that according to the molding device of this invention, flow adjustment can be precisely achieved in quite
a short period of time, and the position of the trailing edge, TE, of the barrier resin layer 101b can be controlled in a high
degree of accuracy, simply by sliding the shut-off pin 20 in a little bit of movement, combined with the use of a servo-
mechanism for precision control of the position of the forefront 20p of the shut-off pin 20.
[0057] This invention has been described above with respect to preferred embodiments, but it is to be understood that
this invention should not be construed as limitative to these embodiments. In the above embodiments, description was
made on a preform having a laminar structure of 2-resins/3-layers, in which the second-resin layer comprising a barrier
resin is laminated with the main-resin layers made of a PET resin, on an injection molding process and a molding device
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for injection molding such a preform. However, this invention is not limited to the 2-resin/3-layer laminar structure. Within
a technical idea of this invention that the mode of laminating the main-resin layers with the second-resin layer is controlled
at high productivity and in a high degree of accuracy, various other laminar structures are feasible, such as a colored
resin layer used as an intermediate layer for a decorative purpose.
[0058] As regards the injection molding device, the device shown in Fig. 2 is a mere example. Many variations can
be used for the details of the device. Also as regards the injection molding process, the injection pattern shown in Fig.
5 is only an example. For instance, according to the pattern of Fig. 5, the forefront 20p of the shut-off pin 20 is moved
to a position Ls after the injection starting time tb1 of the barrier resin Rb, but the forefront 20p can be moved to Ls
before the injection starting time tb1 of the barrier resin Rb.
[0059] The main resin for molding the preform is not limited to the PET resin. Use can be made of the resins conven-
tionally used in the biaxially stretched, blow molded bottles, such as polypropylene. As the second resin, not only gas
barrier resins but also those resins having other functions or resins for a decorative purpose can be used. As the gas
barrier resin, MXD6 nylon is used, but other nylon resins and ethylene vinyl alcohol copolymers (EVOH) can also be used.

INDUSTRIAL APPLICABILITY

[0060] The preforms obtained by using the injection molding device of this invention can be employed to produce
those bottles having the intermediate layer, such as the barrier resin layer, laminated especially in the neighborhood of
the bottom in a highly controlled manner.

DESCRIPTION OF REFERENCE SIGNS

[0061]

1. Mold
2. Core mold
3. Cavity mold
4. Cavity
5. Pin gate
11. Nozzle section
12a, 12b. Guide channel
14a1, 14a2, 14b. Manifold
15a. Outer flow channel
15b. Middle flow channel
15c. Inner flow channel
15as, 15bs, 15cs. Diameter-reduced flow channel
17c. Outlet
19. Joined flow channel
20. Shut-off pin
20p. Forefront
21. First mandrel
22. Second mandrel
23. Third mandrel
Ls0, Ls, Ls1. Position of the forefront of the shut-off pin
Ra. Main resin (PET resin)
Rb. Second resin (Barrier resin)
Sa. First feeder
Sb. Second feeder
101. Preform
101a. Main-resin layer (PET resin layer)
101b. Second-resin layer (Barrier resin layer)
102. Neck
103. Neck ring
105. Body
105p. Inner peripheral surface
106. Bottom
107. Gate vestige
LE. Leading edge
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TE. Trailing edge
La. Length to the leading edge
Lb. Length to the trailing edge
201. Bottle
202. Neck
203. Neck ring
204. Shoulder
205. Body
206. Bottom

Claims

1. A device for injection molding a preform (101) in a test tube shape for biaxial stretching and blow molding use, in
which preform a second-resin layer (101b) serving as an intermediate layer is laminated with main-resin layers
(101a) that make up a shape of the preform (101), the device having a nozzle section (11) for forming a joined resin
fluid by allowing a second resin (Rb) for forming the second-resin layer (101b) to join a main resin (Ra) for forming
the main-resin layers (101a), and having a mold (1) disposed ahead of the nozzle section (11), said nozzle section
(11) comprising:

three cylindrical layer-forming flow channels including an outer flow channel (15a), a middle flow channel (15b),
and an inner flow channel (15c) in an outside-to-inside order,
a cylindrical joined flow channel (19) connected to these three flow channels and extended to the head of the
nozzle section (11),
a first resin feeder (Sa) for feeding the main resin (Ra) and a second resin feeder (Sb) for feeding the second
resin (Rb),
wherein the main resin (Ra) from the first feeder (Sa) is sent to both the outer flow channel (15a) and inner flow
channel (15c), and the second resin (Rb) from the second feeder (Sb), to the middle flow channel (15b), and
a rod-like shut-off pin (20) disposed on an inner side of the inner flow channel (15c) and slidably inserted therein,
wherein an outlet (17c) of the inner flow channel (15c), which is open to the joined flow channel (19), is shut off
or opened, and a degree of aperture can be adjusted, by controlling the position of a forefront (20p) of the shut-
off pin (20),
wherein set the forefront (20p) of the shut-off pin (20) at the position to fully open the outlet (17c) of the inner
flow channel (15c), and supply main resin (Ra) form the first feeder (Sa) to the joined flow channel (19) by way
of the outer flow channel (15a) and the inner flow channel (15c),
after a predetermined time from the start of supply of the main resin (Ra), the second resin (Rb) is supply form
the second feeder (Sb) to the joined flow channel (19) by way of the middle channel (15b) for a certain period
of time,
the two resins are joined together in a cylindrical shape to form a joined resin fluid in joined flow channel (19),
which fills a cavity (4) by being injected therein by way of a pin gate (5) disposed at a position of the cavity (4)
of the mold (1) corresponding to the center of a bottom wall of the preform (101), bringing the forefront (20p) of
the shut-off pin (20) to a predetermined position near the outlet (17c) of the inner flow channel (15c), in a
predetermined time after the start of the second resin (Rb) supply from the middle flow channel (15b), so as to
reduce feed rate of the main resin (Ra) supply from the inner flow channel (15c) to the joined flow channel (19),
the second resin (Rb) is laminated with the main resin (Ra) in the pin gate (5), cylindrical shape with a small
diameter.

2. The injection molding device according to claim 1 wherein the inner flow channel (15c) has a diameter-reduced flow
channel (15cs) in an end portion, where the diameter is reduced in a tapered manner to a level adequate for the
joined flow channel (19).

3. The injection molding device according to claim 1 or 2 wherein the sliding movement of the shut-off pin (20) is
controlled by a servomechanism.

4. A preform in a test tube shape for biaxial stretching and blow molding use, in which a second-resin layer (101b)
serving as an intermediate layer is laminated with main-resin layers (101a) that makes up a shape of the preform,
characterized in that a trailing edge (TE) of the second-resin layer (101b) is located within a range covering from
outside of an outer peripheral edge of a circular gate vestige (107) formed in the center of a bottom plate of a bottom
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(106) to a lower end of a corresponding inner peripheral surface (105p) of a body (105).
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